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(57) An aqueous titanium oxide-dispersed sol com- 
prising tit anium oxiai" particles disQ^ggHjr^ter, caid 
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10.000 ppm by weight as the chlorine element. Titanium 
tetrachloride is hydrolyzed to form an aqueous titanium 
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m"/g. Addition of titanium tetrachloride to hot water at 
75 to 1 0O^^C followed by hydrolysis at 75'^C to the boilinq 
point of the mixture. 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 
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' Th, i.^ lr»en.on .0 an ^ ■^J^^^L:^;:,'^^^^^;.^- 
excellent in pholocatalytic activity and adhesion to a substrate. 
2 Description of the Related Art 

£:sr: r.r,i y^^r.-i-; r-s r rrr„L ^ ^ . .,n^ « a .a„.e^. 

higher than1040"'C. o^*tHar,i.im oxide formed by hydrolysis of titanium tetrachloride are 

concerning a liquid process, the crystal phases °* ^^'""^ 1 1. pi295. This report con- 

reported in detail by Kouemon Funaki in '^^^^^^^^^'Z^^J^Mn a^l anatase-type titanium 

srstr.^rrrce^ii;n2^^^^^^ 

the titanium oxide formed in a heated process >s "^ji^ISlVn gr^n by the heat treatment Therefore, it was dif- , 
may be obtained but the obtained trtanium oxide partcles have been grown oy m 

sol on a glass or ceramic. . ^ . _;^«„h. .r-tor and has a transoarency and an increased photocata- 

,. is Known that a trtanium oxide sol ,s « P'l^*;^^^^^^^^ h'as recently been investigated 

lytic activity when its particle s.ze ,s ^^"^^^^^ /^S^'^JSe J^^^ harmful materialsfor cleaning, removing odor 

perature that they are sintered. H^iiimte formed on an illuminator, for example, a gloss tube of a flu- 

H»»e/e,. th. SOB produced by the f='^f''^^^~S^^i^ pholocalalysl has not been known, 
transpa-eno, and an «'-h'l™<«l»«»'i,= '=™f"^J>E^^'^^*^ f<aic or omer subalrata. » Is 

' re<.=tttS,r:Se,r4?a?fh%^^i^^^ 
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illuminator To improve the transparency, it is desired that the particles are fine and monodisoersed as in tha n^^^ ^ 

P, Ji^^Z'~:„"?:r S^' "ISh achasi^ .nd pe^in, cms Ban,™ ox«e .«n s.ou« be 
In the conventional process of hydrolyzing titanium tetrachloride, it was difficult to obtain a titanium coi h= • 

e,^los.on may be caused when the sol is heated to icon a titanium fflm. To prevent the SoZon jfiae 2^^T 
ratus for preventing the explosion Is required and is economically disadvantageous. FurS^Sum alKxS it 
more expensive than titanium tetrachloride. a^uus.. rurmer. manium aikoxide is much 

The object of the present invention is to provide a titanium oxide sol which can provide on a substrate a titani..m 



brookite-type titanium oxide particles 
SUMMARY OF THE INVENTION 



frv . J?* fif '"'o oxide films formed from titanium oxide sols, the present inventors have 

found tfjat chloride ions contained in a titanium oxide sol contribute to the transparency and a^esi^it/to m^SS 
o the trtanium oxide film; a titanium oxide sol having a certain concentration of chlorWe ions praSs a ti^ium^e 

25 accordance with the present invention, the following is provKied. 

(1) An aqueous titanium oxide^ispersed sol comprising titanium oxide particles dispersed in water said sol mm 

pnsing chloride ions in an amount of 50 to 10.000 ppm by weight as the chlorine eiTmeS^ ' 

3.^. aqueous ttanium oxide^ispersed sol comprising brookite-type titariium oxide particles dispersed in water 

zvs^ s m'C " °^ '-'^ ^ ^ sp:^s^rurE; aTi^; 

Srf£?rrSSSj;:;^2o' 'X"" ^^'^'^ °^ --.t^- ^ and a speoffc 

- in ^ti?e*2oi7(lTS^^^^^ " '"'"'^ °" ' "^'"^ ^''"^"^ oxi-^le-dispersed sol as set forth 

(5) A process for preparing an aqueous titanium oxideOispereed sol. comprising the steps of: 

forming an aqueous titanium oxide^Jispersed sol by hydrolysis of titanium tetrachloride and 

^^-^^ "^'^^ ox^e^lspersed sol to so to 10.000 ppm by 

(6) A process for preparing an aqueous titanium oxide<iispersed sol. comprising the steps of: 

actefing titanium tetiachloride to hot water at a temperature of 75 to 1 0O^C and 

"^i"^ tetrachloride at a temperature in a range of 75'6 to a boiling point of the solution or 

sol. to form an aqueous sol of brookite-type titanium oxide particles. 

BRIEF DESCRIPTION OF THE DRAWING 

Of ^Zl£^^l^T ' ^^'"^ "^"^ P^"'-"^ ^ - example 

s - 

DESCRIPTIONS OF THE PREFERRED EMBODIMENTS 

A first aqueous titanium oxide^ispeised sol of tiie present invention is a sol which provides a titanium oxide film 
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having not only exce.-ent photocatal^ic activity but f 

characterized by containing chloride ions in an amount of 50 to 10,000 ppm. preferably 100 to 4.ouu ppm 



45 



50 



on whether or not the chloride ions are contained .n °' 'J^ force^Siim frc^the sutirate aruJ the 

as the chlorine element the transparency of the f.Im -s ^^^"'^^f P ^ff^'^ '^^^Jf,e:°^^ titanium oxide 

»e .n,n=pa,ency the «<a*m <»de l.m ar, imp,o.»d « » J*^' "^^'^^^S. iuoh particles are 

nium oxide. vi->^=r,r.r,t ho nmrinrpd exceed bv a brocess in which anatase-typetita- 

in the prior art. the brookite-type ttan.um oxde cannot be P-^J"^,^ J^^^^fg^^^^^^ the brookite-type tita- 

a titanium oxide film. ^-^.^^ HicnorcipH in water the chloride ions may be 

of the «a^um oxide particles Is too hioh. the partictes »3glo™«e anda™ sol JJ^To, SmSg a BanKim oxMe f Im 

r^rr-iri:sr^«"^2S'^^^^ 

'° ^B^^e^ng. washes and drvlng the acueous tHanlum "^^J^^^^Z^^^Te 
°* ITt^rSu^S «a„,™ »«.^=P»sed so. .sed -'^ ^~^'J^^;r^^'i^ 



55 CMC, starch, etc. . /-na+pH nn a substrate of various materi- 



plastic, wood, paper, etc. 



4 



EP 0 826 633 A1 



35 



40 



45 



50 



55 



The substrate may be a catalyst carrier of alumina, zirconia. etc. on wtiich the titanium oxide film be provided as a 
catalyst, by which a catalyst is produced. Also, the substrate may be a glass tube or a plastic covTr erf anTS^t^or 

has a photocatalytic actn^ so that the film can decompose organic materials such as oil smoke without sSno^e 
5 l-ght. which IS therefore useful to prevent dirt of a glass tube or a plastic cover. If such a titanium ^de film ?s formi on 
a window pane or wall erf a buiWing. dirt on the pane or wall can be also prevented. If the f Bm Is ^S^S^on a 

s:rcL%r b'liiitT "^^^^'^ " ^'^^"'"^ - - --^^ --I tofe^^c: zsz 

,n -n . V? ""^"^^ ^' f"^"^ ^ ^''"^"^ ^^"'""^ oxide-dispersed sol to a substrate include immersion of a substrate 
w ,n a sol. spraying a sol onto a substrate, brush coaling a sol on a substrate, and so on. The thickneSrthe LpiS 
IS appropnatefy 0.01 to 0.2 mm. After the application of the sol to a substrate, the water corJert o^e loTiJ S^vS 

When the sut^frate is of a heat resistant material, for example, glass, the titanium oxide film formed on the sub 
strafe rnay be heat treated. By this heat treatment, the film may be adhered to the substrate m^S^ aJri ha'^ t 
S!!n r ^!,^^P«^^*"^« °f *ea*"e,nt is preferably not less than 200-C. The upper «S oHhel^at W 

particularly set and can be determined based on the heat resistance of the subsfrate However S 
ness and tfie adh^n^e force to the substrate of the film do not increase even if the tempera^i^fe ver^T^^efoJ 
^r?oo'?',;%Tnl appropriate. In the case of brooldte-type titanium o5de. a tempeSe of n^t ^1 

than 700-C is appropnate to maintain the crystal phase of brookite-type titanium oxide 
0 MBma^is,e\), the adhesive force of the transparent titanium oxide film to the substrate can be increased without 
heat treatment, by adding an appropriate adhesive to an aqueous titanium oxide-dispersed so^ Z p^iSltSo^ 
^ appropriate adhesive includes an organic silica-containing compound such as alMsilicate. The amo^ SSh^ 
s^e may be in an amount (as S.O^) of 1 to 50% by weight of the titanium oxide of the titanium oxide ^" tf tti^urt 

' Se^rtiSe oTvIS bf^^^^^^ T^""^ but thephotocatalytic activity of the film is lost as the tite^m 

oxioe particles are covered by the adhesive, which is not preferable. The adhesive may be added to the sol iust orior to 
use (application or coatng) or may be previously added when the sol is prepared, con'sidering ml nTt^r^ ISe'^S^J 

The atmosphere of the heat treatment is not particularly limited and may be air The time for the heat trMtment « 

mentB about 0.05 to .0 ^m in thickness when the sol is applied in an amount Is mentioned abSe 

The preparation of the aqueous titanium oxide^lispersed sol of the present invention is described below 
The process for prepanng the first aqueous titanium 6xide-dlspers«J sol of the present invention is nbt particularlv 
limrted as long as the prepared sol contains chloride ions in the above-mentioned arnount For Sa^^le SnStox 
Ha^^.T'^'"^Sl°"^ f oxide-disper^ed sol containing a small amomt^^<SS to ^h 

,^1 A M ^ added to control the chloride ion to the above-mentioned concentration. However it is^rS;r°ed mat 
titanium tetrachloride which forms hydrogen chloride by hydrolysis is used preferred that 

rachSLTd^r IT^IT^oX^T"^'^^^ °' '"-^"^ ^^'"^ t^t" 

It is preferred that hydrogen chloride produced by the above hydrolysis be prevented from escaDlnq from the reac- 

Sfde iSles oSri^s p^^^^ ^ °' titani- 

fho ^^^y *° completely prevent hydrogen chloride produced by the hydrolysis escaping or leaking from 

the reactor and suppression of the escape or leakage is sufficient. The method of pLeri on or Spressiont notTm 
^. For example, evacuaton or pressure reduction may be adopted, but the easiest and mostTffective met^odTs 
hydro ysis ,n a reactor equipped with a reflux cooler. Fig. i shows such a reactor. In Rg. i . an^eou^Sut^n of^ta 

w,m a stirrer 4. a thermometer 5 and a heater 6. As hydrolysis produces vapor of hydrogen chloride and wjer mS of 
fmm mTriSr ' '^"""^ *° - ^ '-sen chlorkfe haSy'^Se" 

ton .iri"'"'!!f °* in the aqueous titanium tetrachloride solution to be hydrolyzed is 

too low. the productnMy is low and the efficiency of forming a titanium oxide film from the obtained aque^l tSSim 
to be SSrol^^^^^^^ r concentration o, the titanium tetrachloride in the aqueous titanium tetra^lSS 

to be hydrolyzed is too high, the reaction becomes vigorous so that it is difficult to make the particle size of the titanium 

Accordingly, a method of forming a sol having a high titanium oxide concenbation by hydrolysis, follc^ed bySng wSi 
a large amount of water to control the concentration of titanium oxide to 0.05 to 10 mol/1. fs not preferr^ ft ifdiTS 
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'°Th!= hvrirolvsis mav be conducted by healing a mixture of water and titanium tetrachloride in a reactor to the pre- 
detei^i^e^S?^^^^^^^^ P-io-V ^^^^ ^ ^'^''"^ *° 

'S^^t:^^!^:^^^:^ or a mi.ure broo^e:^e -^Tt^^^^^ 
rutillLe isl^eneS oSied. To increase the content of brool^te-type titanium oxide. H Is appropr,ate *at w^er ^ 

persi sd ifthen. depending on necessity, subjected to dechlorination treatment or. rf acceptable, water ,s added 

dispersed sol may be *ien subjected to dechlorination treatment or. if acceptaDie. waier is aoaeu 

pr^rj*«« aqueous ,«a™,m o»de<,isp„sed so. Is ^'J^.'^^^STmSS'SC^^*^"^ ^■ 
tornmg aianium oxM. partctes from the aqueous «an»n f^^'^^ a titanium e»lda 

titanium oxide film having a tawered transparency or photocatalytic activity. 
EXAMPLES 

TTie present invention is now described with reference to examples of the present invention, to which the present 

invention is. of course, not limited. 

Fyam ples 1 to 6 

water was added to titanium tetrachloride (purity: 99.9%) to control the ^^"1^^ 
the soS^n to 0.25 mol/1 (reduced to titanium oxide 2% -^9^;);^^'^ *f W-^^^^ 

such as ice to prevent the temperature of the solution from ^ceeding ^ ^^"J^^'^^jf J^^^^^^ of the solu- 
charged in a reactor equipped with a reflux cooler as shown .n Ha i,!"!'^^^.^' *^'Sa^ sol was cooled and 

by Asahi kasei Kogyo K.K.. while the pH of the sol was monitored. 
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Observation of the particles in the sols demonstrated that the average partide sizes of the particles were from 
0.015 to 0.018 M-m. 

X-ray diffraction of the particles revealed that the particles were crystalline titanium oxide. 
5 Comparative Examples 1 and 2 

The procedures of Exanples 1 to 6 were repeated but the chloride ion concentrations were controlled to 30 ppm 
(Comparative Example 1) and 15,000 ppm (Comparative Example 1). 

To tile thus produced aqueous titanium oxidfr<Jispersed sols wrtti the controlled chloride ion concentrations of 
10 Examples 1 to 6 and Comparative Examples 1 and 2, a water-soluble polymer of polyvinylalcohol as a film-forming 
agent was added in an amount of 1 .000 ppm based on the weight of tiie sols. These sols with the chloride ion concen- 
trations of 50 to 10,000 ppm were stable and did not show precipitation of titanium oxide particles even after one day 
(Examples 1 to 6). However, the sol witii ttie chloride ion concentrations of 30 ppm showed agglomeration of the tita- 
nium oxide partides in the sol and tfie sol with tiie chloride ion concenti^tions of 15,000 ppm resulted in a titanium oxide 
15 film with a light white color. 

(Comparative Exanples 1 and 2). - 

Using tiie sds of Examples 1 to 6 and Comparative Examples 1 and 2. titanium oxide films were formed on glass 
20 plates by dip coating a sol on a glass plate followed by drying and heat treating at 500-C for 1 hour. The obtained tita- 
nium oxide films were 0.15 jim. 

Rietveld analysis of the powder X ray diffraction patterns of tiie titanium oxide revealed tiiat Ihe titanium oxide 
before tiie heat treatinent was a mixture of about 50% by weight of anatase-type titanic oxide and about 50% by weight 
of brookite-type titanium oxide, and tiie titanium oxide after ttie heat ti-eatment at 800''C or more was a single type of 
25 the rutile-type titanium oxide. 

(Evaluation of film) 



30 



The light permeability photocatalytic activity, and adhesive force to a quartz glass plate of a titanium oxide fflm 
obtained from each of the aqueous titanium oxide-dispersed sols of Examples and Comparative Examples, were eval- 
uated. 

The light permeability was measured for a titanium oxide film fomied on a quartz glass plate by using a specti-o- 
photometer. manufactijred by Nihon Bunkoh (Japan Spectroscopy) K.K.. while continuously changing the wavelength 
from 700 nm to 200 nm. The light permeability of ttie film at 550 nm was used as ttie light permeability of ttie film in tiie 

35 present invention. The results are shown in Table 1 . 

The photocatalytic activity of tiie titanium oxide was measured by making a reactor using a quartz glass plate 
coated with a titanium oxide film, charging 5 mol/l of oxalic acid in the reactor, irradiating tfie oxalic acid with a mercury 
lamp while blowing oxygen into ttie oxalic acid, aind determining tiie amount of the decomposed oxafic acid by redox 
titi-ating potassium permanganate. The results are shown in Table 1 . • .-^ 

40 The adhesivity of the film to a substi-ate was measured by tiie pendl hardness mettiod and by the XY-matrix cut 
film-peeling metiiod (JIS K5400). The peeling strengtti in ttie XY-mati-ix cut fflm-peeling method is represented by ttne 
rate of ttie non-peeled sections to tiie total cut sections. 

45 . 
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Examples 7 and 8 and Comparative Examples 3 and 4 

The procedures as in Example 1 and Comparative Example 1 were repeated, except that the titanium oxide film 
was formed on a plastic substrate of polyethyleneterephtalate and the heat treatment was not conducted and the film 
was dried at 100**C. The evaluations were carried out in the same manner as in Examples arxj Comparative Examples. 

The results are shown in Table 2. 
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Example 9 



954 ml of distilled water was charged in a reactor equipped with a reflex cooler as shown in Rg. 1 and heated to 
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gS^C. While the stirring rate was kept to about 200 rpni. 46 ml of an aqueous solution of titanium tetrachloride (titanium 
element content: 16.3% by weight; density: 1.59: purity: 99.9%) was added dropwise into the reactor at a rate of about 
5 ml/min. The temperature of the reaction solution was kept constant during the reaction. As a result, the concentration 
of titanium tetrachloride was changed to 0.25 mol/I (reduced titanium oxide concentration: 2% by weight). 

5 In the reactor, the reaction solution became clouded soon after starting the addition of titanium tetrachloride, but 

the temperature of the reaction solution was kept constant and, after finishing the addition, raised to near the boiling 
point (104°C) and kept at this temperature for 60 minutes to complete and finish the reaction. After cooling, produced 
and remaining chlorine was removed by eiecti-odialysis to a pH of 2 (chloride ion: 600 ppm), followed by adding a water 
soluble polymer of polyvinylalcohol in an amount of 0.1% based on the weight of titanium oxide, to obtain a titanium 

10 oxide sol. 

The sol was f iltered and vacuum dried at 60**C to obtain a powder, which was analyzed by X ray diffraction to reveal 
that the titanium oxide contained 96.7% by weight of brookite-type. 0.9% by weight of rutile-type, arxJ 2.4% by weight 
of anatase-type titanium oxides. 

Observation of the powder by a transmission type electromicroscope revealed that the average particle size of the 
15 primary particle was 1 5 nm. 

The specific surface area of the powder was 100 m^/g by the BET method. 

The above sol was spin-coated over a quartz glass plate and dried in a drier at 100*'C to obtain a transparent film. 
The light permeability of the quartz glass plate with the film was over 95% in the range of the visible light, which dem- 
onstrated that the plate with the film was completely transparent. The plate with the film demonstrated on absorption in 
20 an ultraviolet region, which revealed by the absorption end of light that tiie energy gap was 3.75 eV. The relationship 
between the energy gap and the absorption end of light is shown by the following formula (1): 

X = 1239/Eg (1) 

.25 where X stands for the absorption end of light in the unit of nm, and Eg stands for the energy gap in the unit of eV. 

Example 10 

The procedures of Example 9 were repeated but the reaction temperature during the addition of titanium tetrachlo- 
30 ride was 75*'C. 

The obtained titanium oxide powder was analyzed by the X ray diffraction to reveal that it contained 75% by weight 
of brookite-type and 25% by weight of rutile-type titanium oxides. 

Observation of the powder by a transmission type electromicroscope revealed that the average particle size of the 
primary particle was 1 0 nm. 
35 The specific surface area of the powder was 120 m^/g by the BET method. 

The above sol having a pH of 1 (chloride ion: 3000 ppm), obtained by the electrodalysis, was coated over a quartz 
glass plate and heat treated at 500**C to obtain a transparent film. The transparent film was also a mixture of brookite- 
type and rutile-type titanium oxides, as determined by the thin film X ray diffraction method. The light permeability of the 
quartz glass plate with the fflm was over 95% in the range of the visible ligfit, which demonstrated that the plate with the 
40 film was completely t-ansparent The plate with the film demonstrated an absorption in a ultraviolet region, which 
revealed by the absorption end of light that the energy gap was 3.30 ev. 

Comparative Example 5 

45 Anatase-type titanium oxide particles having a primary particle size of 7 nm were dispersed in water with an ultra- 
sonic wave dispersing device to an aqueous solution of titanium oxide having a concentration of titanium oxide of 2% 
by weight as in Example 9, during which hydrochloric acid as a coagulant was added to control the pH to 1 , followed by 
carrying out the same procedures as in Example 9 to obtain an aqueous titanium oxide-dispersed sol. The sol was 
coated on a glass plate and dried at 1 00*'C to form a ti-ansparent film. 

50 

Comparative Example 6 

An aqueous titanium oxide-dispersed sol was prepared in the same procedures as in Comparative Example 5, 
except that rutile-type titanium oxide partides having a primary particle size of 50 nm were used. The sol exhibited pre- 
55 cipitation of titanium oxide particles as in Comparative Example 5 and the particles were redispersed using hydrochloric 
acid as a coagulant Since a titanium oxide film formed by the supernatant after the precipitation did not show a photo- 
catalytic activity, the sol. soon after it was prepared, was subjected to dispersing treatment with an ultrasonic dispersing 
device, and the obtained sol was used to form a titanium oxide film on a glass plate in the same manner as in Example 
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9 and the photocatalytic activrty of the film was evaluated. 

(Evaluation of film) 

J 

5 The photocatalytic activities of the titanium oxide films obtained from the sols of Examples 9 to 1 1 and Comparative 

Example 5 and 6 were evaluated by the oxalic acid decomposition method. The results are shown in Table 3. 



Tables 
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Rate of decomposition (%) (after 4 hours irradia- 
tion) 




Example 9 


55 




Example 10 


48 


15 


Example 1 1 


50 




Comparative Example 5 


30 




Comparative Example 6 


not determined since the substrate was clouded 



in Comparative Example 5, the surface of the glass substrate was not uniform as agglomerates of titanium oxide 
were formed. 

In Comparative Example 6, the photocatalytic activities of the titanium oxide film was not determined since a trans- 
parent titanium oxide film was not obtained 

25 

Example 12 

In the same manner as in Example 9. 0.25 mol/1 (reduced to titanium oxide: 2% by weight) of an aqueous titanium 
tetrachloride solution was subjected to hydrolysis. The resultant reaction solution was condensed to a titanium oxide 
30 concentration of 10% by weight electrodialysis was carried out to remove the remaining chlorine to a pH of 2 (chloride 
ion concentration of about 600 ppm). and tetrametiiylorthosiiicate Si(OCH3)4 as an adhesive was added to the sol in an 
amount as Si02 of 5% by weight, to obtain a titanium oxide sol. 

Example 13 

35 

The procedures up to the condensation and electrodialysis in tile procedures in Example 12 were repeated, fol- 
lowed by diluting witii isopropylalcohol to 5 times and adding tetraethylorthosilicate Si(OC2H5)4 as an adhesive in an 
amount, as SiOa, of 20% by weight, to obtain a titanium oxide sol. 

40 Example 14 

The procedures of Example 12 were repeated but tetrapropylorthosilicate Si(OC3H7)4 was substituted for tetrame- 
thylorthosilicate and added in an amount, as SiOa, of 35% by weight to obtain a titanium oxide sol. 

45 Comparative Example 7 

The procedures of Example 14 were repeated but tetrapropylorthoslicate was added in an amount, as Si02. of 55% 
by weight, to obtain a titanium oxide sol. 

50 (evaluation of film) 

Each of the sols obtained in Examples 12 to 14 and Comparative Exanrple 7 was spin-coated over a quartz glass 
plate and allowed to stand for drying to obtain a transparent film. The light permeabilities of the quartz glass plates witin 
the film were over 95% in tiie range of the visible light, which demonstrated that tiie plates with the films were com- 
55 pletely transparent. , , ^ , 

The pencil hardness test and tiie adhesion test were made on the quartz glass plates witii ttie titanium oxide films. 
The results are shown in Table 4. 
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Claims 

1 . An aqueous titanium oxide-dispersed soi comprising titanium oxide particles dispersed in water, said sol compris- 
ing chloride ions in an amount of 50 to 10.000 ppm by weight as the chlorine element. 

2. The aqueous titanium oxide-dispersed sol according to claim 1 , wherein said titanium oxide particles are crystalline 
and have an average particle size of 0.01 to 0.1 ]Lm, 

3. An aqueous titanium oxide<iispersed sol comprising brookite-type titanium oxide particles dispersed in water, said 
titanium oxide particles having an average particle size of not more than 0.5 \in} and a specific surface area of not 
less than 20 nr^/g. 

4. The aqueous titanium oxide-dispersed sol according to claim 3, wherein said sol connprises chloride ions in an 
amount of 50 to 10,000 ppm by weight as the chlorine element. 

5. The aqueous titanium oxide-dispersed sol according to any of the claims 1 to 4, wherein said titanium oxide parti- 
cles are contained in an amount of 0.05 to 10 mol/1. 

6. The aqueous titanium oxide-dispersed sol according to any of the claims 1 to 5, wherein said sol contains a water- 
soluble polymer in an amount of 10 to 10.000 ppm by weight. 

7. The aqueous titanium oxide-dispersed sol according to claim 1 or 3, wherein said brookite-type titanium oxide has 
an energy gap of not less than 3.23 eV. 

8. The aqueous titanium oxide-dispersed sol according to any of the claims 1 to 8, wherein said sol further contains 
aikyi silicate as an adhesive in an amount as silicon oxide of 1 to 50% by weight based on the weight of titanium 
oxide. 

9. Brookite-type titanium oxide particles having an average particle size of not more than 0.5 ^m and a specific sur- 
face area of not less than 20 m^/g. 

10. The brookite-type titanium oxide particles according to claim 9, wherein said brookite-type titanium oxide has an 
energy gap of not less than 2.23 eV. 

1 1 . A titanium oxide film which is formed on a substrate using the aqueous titanium oxide-dispersed sol as set forth in 
any one of claims 1 to 8. 

1 2. The titanium oxide film according to claim 1 1 . wherein said substrate is of a heat resistant material such as a glass, 
a ceramic and a metal or is one selected from the group consisting of synthetic resins, paper and wood. 

1 3. The titanium oxide film according to claim 12, wherein said substrate is glass. 

14. The titanium oxide film accorciing to claim 12. wherein said titanium oxide film is a sintered film. 

15. A process for preparing an aqueous titanium oxide-dispersed sol, conprising the steps of; 

forming an aqueous titanium oxide-dispersed sol by hydrolysis of titanium tetrachloride, and 

controlling the amount of chloride ions in said aqueous titanium oxide-dispersed sol to 50 to 10,000 ppm by 

weight as the chlorine element. 

1 6. A process for preparing an aqueous titanium oxide-dispersed sol, comprising the sieps of: 

adding titanium tetrachloride to hot water at a temperature of 75 to 1 00°C. and 

hydrolyzing the titanium tetrachloride at a temperature in the range of 75"C to the boiling point of the mixture, 
to form an aqueous sol of brookite-type titanium oxide particles. 

17. The process according to claim 15 or dam 16. wherein said hydrolysis is carried out in a reactor equipped with a 
reflux cooler. 



14 



* 



EP 0 826 633 A1 

18- The process according to daim 15 or claim 16. further comprising the step of adding alkyi silicate to said sol in an 
amount, as silicon oxide, of 1 to 50% by weight based on the weight of titanium oxide. 

19. A process for preparing brookite-type titanium oxide particles, In which said aqueous sol of brookrte-type titanium 
5 oxide particles in accordance with daim 16 is filtered and dried to prepare brookrte-type titanium oxide particles. 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



15 



EP 0 826 633 A1 



F i g.1 



EP 0 826 633 A1 




European Patent 
Offic 



EUROPEAN SEARCH REPORT 



Application Number 

EP 97 11 5028 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate. 
of relevant passages 



DE 22 51 925 A (ATOMIC ENERGY AUTHORITY 
UK) 

* claims 1,2; "table 2 * 

MASAO KIYMA: "formation of titanic oxides 
of anatase, brookite and rutile types by 
aerial oxidation of titanous solutions" 
CHEMISTRY LETTERS, 
1972, 

pages 21-24, XP002051035 

* page 22 - page 23 * 

M. GOTIC; "microstructure of nanoslzed 
Ti02 obtained by sol-gel synthesis" 
MATERIALS LETTERS, 
vol . 28, 1996, 
pages 225-229, XP002051036 



Relevant 
to claim 



1,5,15 



2,3 



CLASSIRCATION OF THE 
APPLICATION (Int.CrS) 



e01G23/047 
C01G23/053 



HEMICAL ABSTRACTS, vol. 86, no. 
7 February 1977 
Columbus, Ohio, US; 
abstract no. 31045y, 
DOBROVOLSKII: 
page 70; 
XP002051037 
* abstract * 
& 

LAKOKRAS. MATER. IKH. PRIMEN. , 
no, 5, 1976, 
pages 17-19, 



6, 



1,2 



TECHNICAL RELDS 
SEARCHED (lnt.Cl.6> 



COIG 



The present search report has been drawn up for ail claims 



Place ot search 

THE HAGUE 



Oato of oomptation of th« Match 

23 December 1997 



CATEGORY OF CtTED DOCUMENTS 

X : partkajiariy retevant if taken aione 

Y : partJcufarfy retevant if combined wrth another 

document of tho same category 
A : technofogicat background 
O : non-written disciosure 
P : intermediate document 



Examirror 



LIBBERECHT, E 



T : ttreory or principle undert/ing the invention 
E : eaiHer patent document, but pubfisfred on. or 

after the fSing date 
D : document dtod in the application 
L : document dted for other reasons 

& : merrdTer of the same patent famify, corresponding 
document 



# . 



•T 



THIS PAG£ BLANK (uspto) 



